Background: Syzygium cumini, Terminalia chebula, Trigonella foenum graecum and Salvadora persica are medicinally important plants well known for their pharmacological activities. Aim: The aim of this study is to compare the antidiabetic potential of partially purified bioactive fractions isolated from four targeted medicinal plants in diabetic rats. Methods: Alloxan was administered (125 mg/kg, IP) in albino Wistar rats to produce diabetes. The partially purified bioactive fractions, namely S. cumini tannin fraction (ScTF), T. foenum graecum (Fenugreek) saponin fraction (FgSF), T. chebula flavonoid fraction (TcFF) and S. persica flavonoid fraction (SpFF), were administered to diabetic rats with the dose of 100 mg/kg, per oral (PO) and the effect of the fractions on body weight, liver glycogen and serum glucose were studied up to 15 days. Results: The results have indicated that diabetic rats treated with fractions showed a statistically significant (P < 0.05) decrease in serum glucose and increase in body weight and liver glycogen. Among ScTF, FgSF, TcFF and SpFF possesse better hypoglycemic activity in all models. Conclusion: The present investigation reveals that flavonoid isolated from S. persica is useful in the management of diabetes mellitus because of ability to regulate glucose level and reduce related complications.
Introduction
Natural products have been used since ancient times in the traditional system of medicine for the treatment of diabetes. [1] These secondary metabolites include a large and diverse group of substances that serve as a source of most of the active ingredients of medicines. [2] Plant-derived secondary metabolites have long been the basis of drug discovery and drug development, as combinatorial chemistry presents an opportunity for the rational design of lead compounds to target specific molecules. [3, 4] Numerous studies have validated the traditional use of antidiabetic medicinal plants by investigating the biologically active compound in the extracts which is being able to reduce postprandial blood sugar level. Numerous phytochemicals including alkaloids, phenol, polyphenols, terpenoids, flavonoids and tannins present in the active plant extract, are thought to be accountable not only for their antidiabetic activity but also for various pharmacological activities. [5] For example, tannins extracted from S. cumini Skeels bark have been reported to exert gastroprotective and anti-ulcerogenic effects on HCl/ethanol induced gastric mucosal injury in Sprague-Dawley rats. [6] Uemura et al. demonstrated that diosgenin, a phytosteroid sapogenin, isolated from fenugreek improved hepatic steatosis and hyperlipidemia by suppressing the mRNA expression of lipogenic genes in the liver of obese diabetic mice. [7] Srivastav et al. found that a flavonoid-rich extract of T. chebula ameliorates contraceptive efficacy in male albino rats. [8] Flavonoids identified in S. persica are useful in the prevention of arteriosclerosis, cancer, diabetes, neurodegenerative diseases as well as possess anti-inflammatory, antimutagenic, anticancer, antioxidant, Comparative evaluation of antidiabetic potential of partially purified bioactive fractions from four medicinal plants in alloxan-induced diabetic rats antibacterial, antiviral, anti-allergic, antihypertensive and anti-arthritic properties. [9] Diabetes is associated with the impaired carbohydrates, fats and protein metabolism characterized by chronic hyperglycemia, resulting from defects in insulin secretion, insulin action or both. [10] If the disease is not treated properly, it generates both microvascular and macrovascular complications leading to mortality, hence glycemic control is required to prevent these long term complications. Phytotherapy that is, treatment with the bioactive phytoconstituents obtained from medicinal plants is the potential mechanistic perspective in the management of diabetes. [11] Although lot of antidiabetic agents are available to treat the disease, the total recovery, which avoids adverse effects, late-stage diabetic complications, and prove satisfactory in maintaining euglycemia, has not yet been reported till date. Hence, the search is still continued for an orally effective drug from natural plant products. [12] 
Methods

Collection of plant material
Plant samples, including seeds of T. foenum graecum and T. chebula were purchased from the local market, while S. cumini seeds and S. persica leaves were collected from a local region of Ahmednagar, Maharashtra, India and were authenticated by the Department of Botany, Padmashri Vikhe Patil College, Pravaranagar (Loni), Tal: Rahata, District Ahmednagar, Maharashtra, India.
Preparation of extracts
Each plant material, that is, T. foenum graecum seeds, S. cumini seeds, S. persica leaves and T. chebula seeds was ground into a fine powder and was subjected to successive extraction by maceration in solvents with increasing order of their polarity such as petroleum ether, chloroform, ethanol and aqueous solvent. All extracts were then filtered through Whatman filter paper. Filtrates of organic solvents (petroleum ether, chloroform and ethanol) were concentrated using a rotary evaporator while aqueous extracts were frozen at −77°C and finally lyophilized at −46°C. [13] All these fractions were then subjected for in vitro antidiabetic evaluation as mentioned in our previous research papers [14] [15] [16] [17] and the most potential one among the four solvent fractions of each plant, that is, chloroform extract of T. foenum graecum, ethanol extract of S. cumini, aqueous extract of S. persica and petroleum ether extract of T. chebula were selected for further thin-layer chromatography (TLC) and in vivo analysis.
Thin-layer chromatography and identification of nature of bioactive fractions
TLC and nature of partially purified bioactive fractions were performed as previously described. [18] 
Animals
Male albino Wistar rats weighing 150-250 g, 11 weeks old were used for the study. The animals were housed in spacious, labeled cages at 26°C ± 2°C, and maintained under standard 12 h light/12 h dark cycle throughout the study. They were given access to rodent pellet and water ad libitum. The experimental protocols and procedures used in this study were approved by the Institutional Animal Ethics Committee (IAEC reg.no. ARCMR/PIMS/IAEC38/2012) under strict compliance of the Committee for the Purpose of Control and Supervision of Experiments on Animals guidelines.
Toxicity test
The toxicity test of partially purified bioactive compounds was studied as per Organization for Economic Co-operation and Development guidelines. High concentration bioactive compounds (5000 mg/rat) prepared in saline were administered per orally to groups of three rats each for 7 consecutive days. The rats were then observed for any abnormal behavior such as respiratory distress, hyperexcitability, diarrhea, salivation, motor impairment and any lethality or death. [19] 
Induction of diabetes in experimental rats
Diabetes was induced experimentally by a single intraperitoneal administration of 125 mg/kg body weight of a freshly prepared alloxan monohydrate (10% in normal saline). The rats were kept for next 24 h on 5% w/v glucose solution bottles in their cages to prevent sudden hypoglycemia. After 72 h, animals from all groups were subjected to serum glucose estimation. The blood samples were collected by puncturing the retro-orbital sinus. Animals in group which showed the serum glucose level >200 mg/dl were selected for the study. [20] 
Experimental design
Seven groups of rats, n = 6 in each group received following treatment schedule.
• Group I: Normal control (0.1 ml normal saline) • Group II: Negative control (diabetic without treatment) • Group III: Positive control (diabetic + glibenclamide 5 mg/kg, (PO) • G r o u p I V: D i a b e t i c + S . c u m i n i t a n n i n fraction (ScTF) (100 mg/kg, (PO 0.1 ml normal saline,) • Group V: Diabetic + T. foenum graecum (Fenugreek) saponin fraction (FgSF) (100 mg/kg, PO 0.1 ml normal saline) • Group VI: Diabetic + T. chebula flavonoid fraction (TcFF) (100 mg/kg, PO 0.1 ml normal saline) • Group VII: Diabetic + S. persica FF (SpFF) (100 mg/kg, PO in 0.1 ml normal saline).
Bioactive fraction, standard drug glibenclamide (5 mg/kg) and saline were administered using feeding cannula. Group I served as normal control, which received saline for 15 days. Group II to Group VII were alloxan-induced diabetic rats and were given a fixed dose of bioactive fraction (100 mg/kg, PO in 0. 
Oral glucose tolerance test
The entire groups of normal rats were fasted overnight (18 h) before OGTT. After 1 h of feeding of partially purified fractions, rats were given glucose 3 g/kg per orally 30 min after the fraction and/or drug administration. At 30, 90 and 150 min interval after glucose loading, blood samples (serum) were collected by puncturing the retro-orbital sinus. Serum glucose level was measured by the glucose oxidase method immediately after separation of serum from the blood.
[21]
Biochemical parameters
Serum glucose was estimated using Biochemical autoanalyzer (Robonik, India, Pvt. Ltd.) and glucose estimation kit, 10 µl serum was used for each assay. Liver glycogen was estimated according to the Carroll et al. [22] 
Statistical analysis
Statistical significance was done using (ANOVA) and Dunnett test to compare the data. (P < 0.05 ± was considered a statistically significant. Values are presented as means ± standard deviation.
Results
The acute toxicity studies revealed the nontoxic nature of the ScTF, FgSF, TcFF, and SpFF. There was no lethality or any toxic reactions found at any of four plants doses selected until the end of the study period. Figure 1a showed the effect of four partially purified bioactive compounds isolated from selected plants, namely ScTF, FgSF, TcFF and SpFF, on the body weight changes of diabetic rats as compared to normal rats and rats received standard drug glibenclamide. During the 2 weeks of observation of the treated diabetic rats, there was weight gain, relative to 1 st day of start of the treatment. The untreated diabetic rats lost their body weight significantly as compared to normal control. The diabetic rats treated with glibenclamide also showed decrease in body weight compared to that of normal control. Figure 1b showed the effect of four partially purified compounds isolated from targeted plants, namely ScTF, FgSF, TcFF and SpFF, on liver glycogen of diabetic rats as compared to normal rats and standard drug glibenclamide. Negative control, that is diabetic untreated rats showed significantly decreased levels of glycogen, i.e. 12.99 ± 1.66 mg versus 38.60 ± 4.83 mg/g of wet liver of normal rats. However, treatment with partially purified compounds significantly elevated glycogen levels in diabetic rats. SpFF increased levels equally with that of glibenclamide able to increase liver glycogen. Table 1 showed the phytochemical screening of four partially purified bioactive fractions from different plants revealing the presence of tannins, saponins and flavonoids. Table 2 showed the hypoglycemic effect of different doses of ScTF, FgSF, TcFF and SpFF on fasting OGTT of normal rats and diabetic rats assessed at different time intervals. The serum glucose level at different time intervals, i.e. 30, 90 and 150 min were compared with initial 0 min serum glucose level of their respective groups. There was statistically significant (P < 0.05) decrease in serum glucose level at different time interval in SpFF-treated group at 90 and 150 min when compared to tissue proteins, [28] dehydration, catabolism of fats and proteins, [29] muscle wasting, [30] etc. Oral administration of partially purified bioactive fractions to the diabetic rats for consecutive 15 days showed improvement in their body weight, indicating that the partially purified fractions had beneficial effect in preventing loss of body weight of diabetic rats. The probable mechanism of this benefit is due to a better control of hyperglycemic state and decreased fasting blood glucose level could improve body weight in diabetic rats. [31] SpFF-treated diabetic rats were shown good results in comparison with control.
The liver plays a crucial role in glucose metabolism, especially in postprandial glycogen storage as well as glycogen depletion in overnight fasting. In people with diabetes, liver looses its normal capacity to synthesize glycogen as glycogen synthase activation becomes defective. [32] Therefore, our result showed decreased liver glycogen in negative control, that is, an untreated diabetic group. Diabetic rats treated with partially purified bioactive fractions are proved to be effective in the recovery of liver glycogen. Increased secretion of insulin may be responsible for glycogenesis. As compared to normal control and positive control SpFF have shown a better recovery in liver glycogen. [33] Considering the OGTT, partially purified bioactive fractions treated diabetic rats showed significant decrease in serum glucose concentration at 90 min and 150 min interval. Among the four partially purified bioactive fractions, SpFF brought an effective hypoglycemic effect when compared to other bioactive fractions. The anti-hyperglycemic effect may occur due to one of the two reasons, (i) reduction in intestinal glucose absorption and (ii) induction of glycogenic process including reduction in glycogenolysis and glyconeogenesis. [34] While planning the treatment of type 2 diabetes mellitus, the three factors those should be taken care of insulin deficiency, insulin resistance and increased hepatic glucose output. [35] At present, there are five different types of hypoglycemic agents such as sulfonylureas, meglitinides, biguanides, thiazolidinediones and alpha-glucosidase inhibitors are available displaying unique pharmacological properties. [36] Glibenclamide which we used as a control is a class of sulfonylureas acts as insulin secretagogues, that is, it stimulates insulin release from the insulin-secreting ß-cells situated in the pancreas and may slightly improve insulin resistance in peripheral target tissues such as muscle and fat. They have specific receptor present on pancreatic β-cells. Binding of the drug to these cells leads to inhibition of ATP-dependent potassium channel, altering calcium influx and stimulation of insulin secretion. Sulfonylureas reduce fasting plasma glucose by 60-70 mg/dL. In this study, it found that SpFF is able to reduce glucose levels by 63 mg/ dL. Like sulfonylurea, it may directly stimulate the insulin secretion. Furthermore, in this study fractions are proven good in maintaining the proper body weight, which is one of the important characteristics of sulfonylurea drugs. Hence, this study claims one possibility that SpFF fraction has a similar initial, serum glucose level. The ScTF-treated groups also reduced serum glucose level at 150 min when compared with the respective serum glucose level of the control group. day. It was observed that the serum glucose level in diabetic rats was significantly increased when compared with normal rats. Oral administration of partially purified bioactive fractions showed a highly significant reduction in the serum glucose level starting at the 4 th day of treatment, compared to 1 st day as well as compared to negative (untreated) control values of diabetic rats in the corresponding days. On the other hand, glibenclamide treatment of diabetic rats showed a significant reduction in serum glucose levels at the 2 nd day, which gradually decreased till 15 th day in comparison with untreated diabetic rats. In the negative control (diabetic) group, out of the 6 animals, 2 animals were died of diabetes, one on the 7 th day and another one died on the 15 th day.
Discussion
Alloxan-induced diabetic rats are one of the animal models used for diabetic studies. [23] Alloxan (2, 4, 5, 6-tetraoxypyrimidine; 5, 6-dioxyuracil) induces diabetes by evoking a sudden rise in insulin secretion which is responsible to suppress the islet response to glucose. [24, 25] Overproduction of hepatic glucose further leads to the death of pancreatic cells. Alloxan-induced diabetic rats showed symptoms such as polydypsia, polyuria, body weight loss, ketonuria and hyperglycemia. [26] Glibenclamide is frequently used standard in diabetic rats to compare the efficacy of various drugs or herbal preparations. [27] To the best of our knowledge, this is the first report that compared the antidiabetic effect of partially purified bioactive fractions isolated from four different plants in experimental diabetes. First, extracts have been fractionated using solvents with increasing order of their polarity. All 16 fractions from four target plants were screened in vitro and the four fractions showing highest activity each from four plant solvent fractions were selected for further TLC analysis. Partially purified bioactive fractions were then scratched off and analyzed for its in vivo characterization.
In our study, diabetic untreated rat showed weight loss which may be due to one of the following reasons: excessive breakdown of Table 3 : Hypoglycemic effect of partially purified bioactive fractions from different plants on serum glucose level in alloxan-induced diabetic rats mechanism as that of sulfonylurea. Some oral antidiabetic drugs act by increasing insulin action and glucose-mediated utilization in peripheral tissues such as liver and muscles and decreasing hepatic glucose output. Biguanides come under this class of drugs and are suggested to prescribe up to 500 mg −2 ,2000 mg/day of dose. [37] Correlating with our studies, SpFF fraction shown better recovery of liver glycogen, which is an important factor in regulation of blood glucose level. Other hypoglycemic agents, though they found effective in curing diabetes up to some extent, they are associated with some side effects. [38] An attempt was made to analyze the antidiabetic effect of partially purified bioactive fractions on serum glucose level. [39] Phytoconstituents such as alkaloids, glycosides, polysaccharides and phenolics such as flavonoids, terpenoids and steroids are the most prevalent among phytochemical groups. From the data obtained in our current analysis, it was observed that the partially purified phytoconstituents, that is, saponins, tannins and flavonoids showed prominent antidiabetic properties in vivo. Out of all four phytoconstituents purified, flavonoids isolated from S. persica showed significant levels of bioactive compound as well as potent antidiabetic activity and anti-hyperglycemic effect, especially by improving liver glycogen and body weight of the treated diabetic rats. Tannins isolated from S. cumini also showed the best result for antidiabetic potential, but less antihyperglycemic effect as well as less effect on body weight and liver glycogen content in comparison with S. persica.
Conclusion
The present study concludes that tannins, saponins and flavonoids isolated from targeted medicinal plants demonstrated significant decrease of serum sugar level and apparent improvement in glucose tolerance in the single administration study. Hence, it is clear that these compounds could give hypoglycemic effect in people with diabetes, especially in case of high postprandial glucose level. All these compounds were found safe. Flavonoids isolated from S. persica were found more potent than other targeted plants. Investigations should be undertaken to elucidate specific active molecule responsible for activity and whether those actions of purified molecule are mediated by a single component or a synergistic action.
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